Introduction

Distribution within stems
/r/ is more likely to occur towards the right edge of Yamato stems. Consider the following data, taken from Kuginuki (1982) , and based on a corpus of all the Yamato stems of early Old Japanese (between the 8 th and 11 th centuries).
to observe that rerorero and rorirori are exceptional in two respects: first because they begin with /r/, second because they violate a strong phonotactic constraint, which is that identical consonants cannot occur twice in a mimetic root (Hamano, 1998 :41-42, Schourup & Tamori, 1992 . I believe that the fact that exceptions to this second principle involve precisely /r/ and no other consonant can be interpreted as an additional proof that /r/ is phonologically transparent, which explain why, unlike other consonants, it can be repeated. Other words which could appear as exceptional are reko « this », rutsubo « melting pot » or risu « squirrel ». Reko is based on the moraic inversion of kore « this », rutsubo either results from the loss of an original initial vowel (< irutsubo), or from the hybrid compound ro-tsubo where ro is a Sino-Japanese morpheme, and risu is said to be a Sino-Japanese word, or to have evolved from kuri-suki '(the one who) likes chestnuts'. I thank Mark Irwin for providing me with some of these etymologies. (113) 14 (14) 312 (262 = 84%)
The first figure in each cell of table 1 indicates the number of /rV/ occurring as a given mora of non-verbal stems, i.e all word categories except verbs and auxiliaries, including the possible suffixes which may begin with /r/. The figures in parentheses give the number of /rV/ occurring as the last mora of the stem. So, for instance, the figures 26 (17) on the "ru" line / "2 nd mora" column indicates that we have 26 words containing ru as their second mora (as in yoru "night" or sirusi "sign"), 17 of these words having it as their final mora (yoru "night", haru "spring", etc.) . No stem exceeds four moras (longer forms are compound or suffixed words). Table 2 . /rV/ moras in Old Japanese verb and auxiliary stems. 4 Archaic Japanese (before the end of the 9 th century) had two phonemically distinct ro moras, labeled ro 1 and ro 2 , which merged before 1000 to a single /ro/ mora. The vowels i and e were also involved in a similar type of opposition, with contrasting Ci 1 -Ci 2 , and Ce 1 -Ce 2 moras, but after /r/ only the o 1 -o 2 opposition is attested. The actual phonetic and phonological difference between CV 1 and CV 2 moras remains controversial, see Martin (1987) , Shibatani (1990: 131-139) or Miyake (2003) Table 2 provides the same type of information for verb and auxiliary stems. Here, "stem" is to be understood as the part of the verb or auxiliary which stands before theCu or -Ci ending of Old Japanese verbs, which undergoes inflection. Accordingly, the figures 39 (34) on the first line indicate that we have 39 verb or auxiliary stems such as kara-su "to dry" or uraya-mu "to envy" which have ra as their second mora, with 34 of these having it as their stem final mora, like kara-su "to dry".
The data in tables 1 and 2 show that 84% of the rV moras contained in OJ Yamato stems occur in the last mora of the stem. This proportion gets even higher, to 88%, if one takes into account the most frequent ending of verbs and auxiliaries, which is -ru.
As we shall see below in more detail, Kuginuki (1982) argues that such a distributional pattern makes sense if one supposes that /r/ emerged relatively late in the history of Japanese.
Complementary distribution with zero (empty onset)
In OJ, /r/ stands in complementary distribution with the zero consonant in noncompound words. The zero consonant corresponds to the lack of a phonetically audible initial consonant at the beginning of a mora, so that moras which phonetically begin with a vowel are considered to begin phonemically with a zero consonant. This empty initial can be filled by a light glottal stop in MJ. The zero consonant was widely recognized as a structural element by leading phonologists such as Hattori (1960) , Wenck (1966) Another fact deserving special consideration is that /'/ happens to be the most frequent type of onset in the word initial position: words beginning with a zero consonant represent between 20 and 25 % of the Yamato lexicon (Kokuritsu Kokugo Kenkyûjo, 1984 : 25, Sakakura, 1966 , Labrune, 2012 In MJ the zero consonant can appear word-medially in Yamato lexemes, but this is due to a relatively recent evolution in the language. Modern V'V sequences in noncompound words result from borrowing or from the loss of a consonant, as in kakite > kaite "write and...", or kowe > koe "voice".
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Of course, complementary distribution does not automatically imply phonemic alternation or allophony. This expression simply aims at characterizing the distributional pattern of two segments which are phonetically different at the surface level. For instance although [h] and [ ] stand in complementary distribution in English, they are not assumed to represent the same phonemic unit. However, as we shall see in the following pages, there exists a number of additional facts in Japanese which arguably lead to the interpretation of /r/ as the default filler of an empty position in the positions, i.e. in the medial position of Yamato lexical words. Moreover, /r/ is also extremely frequent at the beginning of several derivational or inflectional suffixes such as -ra (OJ, MJ) 'plural', 'directional', -ra / -ro (OJ) 'adverbial', -raka (OJ, MJ) 'adjectival ending', -raku (OJ) 'nominalizer', -ru (OJ) 'passive', 'potential', -ri (OJ, MJ) 'adverbial', -ri (OJ) 'aspectual auxiliary', -re (OJ, MJ) 'deictic', -reru (OJ) 'passive, potential, honorific', -ro (OJ, MJ) 'imperative', -ro (OJ) 'particle (of obscure function)', etc. 
Co-occurrence restrictions
In OJ, /r/ never co-occurs with itself in a single stem, that is, there can be only one /r/ per stem. This restriction is especially remarkable in verbs. Whereas -ru is the most frequent verbal ending in OJ according toYoshida (1976:87, 101) , it is not attested after roots which already contain an /r/ (Kuginuki 1982). Thus, while kaheru (<*kaperu), inoru, tonakaru, musaboru are well-formed and attested OJ verbs, forms with more than one /r/ are impossible and are indeed unattested but for one exception: hiroru ( < *piroru) "to spread, to widen".Verbal stems which already contain an /r/ end with any other kind of Cu ending, so we find, for instance, uruhu (<*urupu) "to moisten", hiraku (< *piraku) "to open" or irasu "to lend", in place of *ururu, *hiraru or *iraru.
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The same type of co-occurrence restriction is also operative in OJ nouns and other parts of speech, to the exception of mimetics. Although there exists a tendency for other consonants to undergo co-occurrence restrictions based on total identity or place homorganicity in Yamato and mimetic roots (Kawahara, Hajime and Kiyoshi 2006, Hamano 1998: 41-42) , they do not seem to be as strict as they are for /r/. We thus find intervocalic context. [r] are surface reflexes of an underlying zero has actually been made for RP English by Giegerich (1999) . A similar analysis has been proposed for several varieties of Dutch (van Oostendorp, 2001 , Humbert, 1996 cited by van Oostendorp, 2001 ). All the segments involved here in Japanese, Dutch and English are arguably placeless at the phonetic or phonological level (see also footnote 19).
This constraint is not totally preserved in MJ (cf. oriru "to get down", ireru "to insert"), but even in the modern language, most verbs containing two occurrences of /r/ are compounds involving two stems, or are derived by addition of the suffix -eru which verbs such as kaku "to write", momu "to rub", nihohu (<*nipopu) "to smell".
Instability
/r/ is the most unstable of all Japanese consonants, both diachronically and synchronically. Throughout the history of Japanese, rV moras have frequently undergone syncope (de aru > da 'copula', karite > kate "provisions"; see also Kishida, 1984 , for additional examples), unexpected paragoge (kabu > kabura "turnip", sippo / sippori "tail" [dialectal] ; see Labrune, 1998 for more examples).
Phonological inertness
A number of facts suggest that the phonological behavior of /r/ is that of a phonologically inert, transparent consonant, lacking phonological content. First, /r/ fails to undergo palatalization in the mimetic stratum. Second, it cannot be geminated. Third, unlike most other consonants, /r/ is never the cause of an assimilation process in Japanese. A fourth, additional process which we will consider in this section is /r/'s phonological transparency in Ryukyuan, allowing coalescence of two non-adjacent vowels.
Resistance to palatalization
According to Hamano (1998) , /r/ cannot undergo palatalization in mimetic forms (the data are from MJ, but the phenomenon is also true of OJ).
In mimetics, palatalization is correlated with the semantic value of 'childishness' or 'excessive energy'. It normally occurs on the rightmost coronal consonant of a bimoraic root (1a). If the rightmost consonant is not a coronal, then the initial consonant will undergo palatalization, whatever its place of articulation (1b).
The liquid /r/ behaves in an exceptional manner here because it cannot be palatalized when it occurs in the second mora, so that noronoro (1c) does not yield *noryonoryo, but nyoronyoro. Moreover, the presence of /r/ in the root does not block the palatalization of a non-coronal in the first mora, as we see in kyorokyoro. So /r/ actually behaves like a non-coronal with regards to this palatalization process.
is an innovation of the pre-modern language.
(1) Note that palatalized /r/'s can be encountered in lexical strata other than mimetics, especially in the Sino-Japanese and foreign strata, so that /ryV/ is not an impossible sequence in Japanese. However, the difference between mimetic palatalization and nonmimetic palatalization results from the fact that in mimetics, palatalization is a "featuresized morpheme" (Mester & Ito, 1989) which can be productively attached to a root under the conditions stated above.
/r/'s resistance to palatalization in mimetics has led Mester and Ito (1989) to the claim that /r/ is underspecified for [coronal] and that it is actually the unmarked sonorant of the system. 9
Resistance to gemination
The second process to which /r/ is transparent in Japanese mimetics, but also in other strata of the lexicon, is consonant gemination as occurring in -ri suffixed forms, as reported by Mester & Ito (1989, citing a p. c. by Poser) . When the second consonant of a 9
A number of studies have criticized this analysis. Schourup & Tamori (1992) argue that the non-occurrence of palatalization with /r/ in mimetics is best explained by articulatory difficulty. Kurisu (2009), while recognizing the marked character of palatalized rhotics cross-linguistically, claims that the resistance of Japanese /r/ to palatalization must be accounted for in terms of feature compatibility, so that underspecification does not need to be invoked. However, one can object that articulatory or feature compatibility factors alone cannot account for the many other properties of /r/ in Japanese. mimetic root is a voiceless consonant, suffixation of the adverbial ending -ri causes the second consonant of the root to undergo total gemination in case it is a voiceless obstruent (2a), or partial gemination (i.e. prenasalization) in case it is a voiced obstruent or a sonorant (2b). However, in case the consonant in question is /r/, neither gemination nor prenasalization can normally occur (2c).
(2)
bata battari "with a bang"
koga kongari "to be nicely brown"
c. C2 = /r/ -> nothing happens
Fully geminated /r/'s are also unattested outside of the mimetic lexicon in the Yamato and Sino-Japanese strata, and they are only marginally reported in Western borrowings or in some recent mimetic derivatives (Schourup & Tamori, 1992:137) . As for the moraic nasal /N/ + /r/ sequence, it does occur in Sino-Japanese and in Western borrowings, for instance in on'inron "phonology", a Sino-Japanese word, or onrii "only", a borrowing from English. However, in such cases, it represents a recent development and is to be phonologically analyzed as a combination of two distinct segments rather than the result of a prenasalization process in the strict sense. According to Mester and Ito (1989) , total gemination of /r/ is impossible because it violates the Nasal Coda Condition, requiring all voiced sonorant codas to be nasal. Partial gemination is impossible because /r/ is underspecified, and thus has no distinguishable parts available for separate linkage.
Assimilations
Whereas /r/ is frequently a target for assimilation, it is itself never the source of an assimilation. Numerous examples such as wakaranai (MJ) / wakannai (MJ) "understand
"take and…", where /rV/ is assimilated to a neighboring segment -resulting in total gemination -, can be reported, but there are no examples where a neighboring segment is assimilated to /r/ (see also the remark at the end of section 2.1 above). Such phonological inertness, or neutrality, can be argued to follow from /r/'s emptiness at the phonological level. /r/ is never the source for assimilation because there is simply nothing to assimilate in its phonological structure.
Vowel coalescence across /r/
In some dialects of the Ryukyuan linguistic family, coalescence of vowels over an intervening /r/ or /h/ is reported by Lawrence (2000), as in guru-han > goro-hon "fast"
or pataki-ha > patake-he "to the field". Lawrence also mentions the fact that in the Nakizin dialect, mimetics containing the mid vowels /e/ and /o/ in a light syllable are only attested in roots with a medial /r/ followed by a heavy syllable containing /e/ and /o/, as in gerengeren or zoroozoroo. The vowels /e/ and /o/ appearing in the initial light syllable can therefore be accounted for only by positing a spreading of the second syllable vowel features over /r/. Within a feature geometrical analysis, such facts suggest that /r/, like the laryngeal /h/, lacks a supra-laryngeal node, thus allowing for the vowel features to freely coalesce across it. We take this phenomenon as an additional piece of evidence in favor of the structural emptiness and unmarkedness of /r/.
/r/ and epenthesis
Role in the verbal morphology
/r/ also plays an important role in the morphology of Japanese. It is crucially involved in the verbal inflection. MJ verbs can be divided into two classes: those containing a consonant-final stem, to which vowel-initial suffixes attach, and those with a vowel-final stem, to which consonant-initial suffixes attach, as the following data illustrate:
(3) Verbal inflection of C-final and V-final stems (MJ)
Before vowel-initial endings (-u, -anai, -eba, etc.) , no consonant surfaces in the case of a consonant-final stem, contrary to what happens after a vowel-final base.
According to de Chene (1985) and Mester & Ito (1989) , consonant-stem suffixes are basic, and initial /r/ in vocalic-stem suffixes is epenthetic. What is significant here is that the surfacing consonant is precisely /r/.
Interestingly, the default, epenthetic nature of /r/ in the inflection system of Japanese verbs is becoming even more conspicuous in contemporary Japanese. In informal casual language, there exists a productive process by which a new verb can be coined out of a bimoraic or trimoraic base generally resulting from the truncation of a longer Sino-Japanese, Western or even Yamato word, to which the -ru verbal ending is added. We thus find kopiru "to copy" from kopii, makuru "to eat at McDonald's" from makku donarudo, jikoru "to have an accident", from jiko (SJ) "accident", etc. Consider the paradigm of takuru "to take a taxi" in (4), derived from the base takusii "taxi", which has been truncated to taku before receiving the -ru verbal ending.
(4) Verbal inflection of newly coined verbs (MJ) "to take a taxi"
takur-areru
As the comparison with maku and miru above will reveal, takuru follows the consonant-final inflection pattern, like maku, in spite of the fact that the final consonant of its base is a non-etymological /r/, like that of miru. In this case, the default /r/ has been generalized to all the forms of the paradigm, but the verb follows the consonantfinal conjugation pattern, an interesting case of morphological syncretism.
The verbal morphology of OJ provides similar types of evidence for analyzing /r/ as an epenthetic consonant. OJ had eight distinct verb classes, which have been arranged from left to right in table 3 on the basis of the number of their inflectional forms containing an /r/ in the ending which can be analyzed as suffixal (indicated in bold).
Space does not allow us to enter into the details of the formation of these paradigms, a topic which has been much studied and debated both in Japan and in the West, 10 but a glance at table 3 is enough to reveal the secondary, and thus presumably epenthetic, nature of the r element in the rightmost six classes. Note that the quadrigrade and monograde classes are the two classes which have finally established as the two main inflectional patterns of MJ, as consonant-final and vowel-final classes respectively, having absorbed all the other types, except the K-irregular (kuru "to come") and Sirregular (suru "to do") classes which still subsist as irregular nowadays. 
First mora reduplication in OJ
According to Unger (1976:32) , there was a productive process in early Japanese whereby the first mora of a verb root was doubled to form a new root with extended meaning, as in tuke-"attach" / tutuke-"continue", yam-"get sick" / yayam-"be troubled". Unger adds to the list wogam-"bow" / worogam-"revere", utape "appeal" / urutape-'id.', name-"line up" / narabe-'id.' , and i-"mint, cast" / ir-"scorch". He then argues that exact reduplication of an r beginning initial syllable should be reconstructed for these forms, i.e. *rogam-/ *rorogam-, *rutape-/ *rurutape-, *rabe-/ *rarabe-, *ri-/ *riri.
According to him, /r/ later changed to zero before /i/, to /w/ before /o/ and /u/, and to /n/ before /a/ word-initially. As a result of these rules, no OJ words begins with /r/.
However, I claim that an analysis exactly opposite to Unger's proves to be more persuasive. First, I propose that the pair name-/ narabe-does not belong to the pattern under discussion, and be left apart (even in Unger's analysis, it is not clear why /r/ would change to /n/ before /a/ rather than to zero). Following Unger, I consider that worogam-, urutape-and ir-were derived through reduplication of the initial mora, but I posit instead that the original roots were *ogam-. *utape-, and *ir(i) (and not *rogam-, *rutape-and *rir(i)). Reduplication of the initial vowel in each form produced a sequence of two onsetless prosodic units (*oogam-, *uutape-, *iir-). In order to break the hiatus, /r/ was inserted after the first vowel, yielding *orogam-, *urutape-, and *ir(i)-. The /r/ appearing in the reduplicant is therefore best analyzed as an intrusive,
Note that what Unger transcribes as worogam-phonemically corresponds to /orogam-/ (and even more precisely to */oro 2 gam-/, see footnote 4 above). According to a tradition dating back to the 13 th century, /o/ preceded by an empty onset has been transcribed with the letter を belonging to the w-column in the Japanese kana script,
i.e. wo in Roman transcription, but there is no evidence that a labio-velar approximant ever occurred before the vowel in this position. Consequently, the root for "to bow" is phonologically *ogam-, with an onsetless initial prosodic unit, and not *wogam-.
Functional equivalence with reduplication
A final piece of morphological evidence in support of the unmarked status of Japanese /r/ can be invoked. As claimed by Labrune (1998), there exists in Japanese a morpho-lexical class of words ending with a r + vowel suffix, which share the same type of linguistic values as reduplicated words, as baka-ra-sii / baka-baka-sii "foolish", toro-ro / toro-toro "yam", ware-ra / ware-ware "we", aka-ra (OJ) / aka-aka "reddish", etc. (unless otherwise specified, all examples are MJ). Examples involving partial reduplication, such as simi-mi (OJ) / simi-zimi / simi-ra (OJ) "fully" are also attested. It can be argued that such a functional correspondence between reduplication and -rV augmentation reflects some ancient morphological process which involved some kind of iconic lengthening by means of unmarked segmental material. Reduplication, which copies segmental material from the base, appears as an unmarked lexical means to lengthen a base, whereas -rV suffixation (where V is either a vowel copied from the base, either a default segment) can be analyzed as some unmarked segmental means to lengthen the base. The choice of /r/ to express such iconic lengthening, in parallel with reduplication, can be taken as evidence for the unmarked status of the rhotic in the phonological system of the language, and as a case of emergence of the unmarked. The status of /r/ in the cases discussed in Labrune (1998) is thus comparable to the status of other unmarked segments involved in partial reduplication or reduplication with fixed segmentism, for example / /in Makassarese as described by McCarthy & Prince (1994) .
Accounting for the phonological nature of /r/ in Japanese
On the basis of the evidence reviewed in section 2, the proposal that I would like to present is that /r/ originally developed in Proto-Japanese as a default, epenthetic consonant in the intervocalic position within the morphological domain of a stem and its derivational or inflectional affixes.
/r/ as an unmarked consonant
In a well-known paper dealing with palatal prosody in Japanese mimetics in relation to feature predictability and underspecification, Mester and Ito (1989) claim that /r/ is the unmarked sonorant of Japanese, that it is underspecified for the feature Coronal, and that, in a feature-geometric representation, "the underspecified r is nothing but a root node with internal major class specifications".
Two other studies investigating the internal nature of /r/ in Japanese converge with
Mester and Ito's insight for considering that /r/ is to be analyzed as an underspecified or relatively unmarked consonant at some level of representation. Labrune (1997) claims that /r/ is totally unspecified underlyingly and that it consists solely of an empty root node. Working within the model of Element Theory, Nasukawa and Backley (2011) propose that /r/ should be represented by the single element ÐIÐ, which represents frontness in vowels and coronality in consonants. Segments containing a single element, they argue, are inherently weak.
The present paper will go one step further and argue that /r/ is totally featureless at the abstract level, even for the major class features, because all the information contained in its phonological representation is predictable. Although the analysis presented below focuses on the diachronic development of /r/ at the Proto-Japanese stage, my basic assumption is that /r/'s present idiosyncratic properties trace back to the circumstances of its diachronic development.
The range of facts reviewed in section 2 provides rich and varied evidence that Japanese /r/ is phonologically unmarked. Take, for instance, the variability of its phonetic realizations (2.1). This arguably results from the fact that some features are not fully specified at the phonological level, thus allowing for a non-distinctive, optional (Greenberg, 1966) . Concerning /r/'s instability (2.4) as well as its phonological inertness, we assume that the range of phenomena involved provides direct evidence for /r/'s lack of intrinsic phonological substance.
Recall also that, as already noted, two exceptions to the dissimilation principle which forbids identical consonants to co-occur in a mimetic root involve precisely /r/, in rerorero and rorirori (see footnote 3). Such examples are probably more than anecdotal exceptions: they are significant because they constitute one more illustration of the fact that /r/ behaves as a transparent, invisible segment. The OCP normally applying in mimetics fails to detect the succession of the same consonant in the case of /r/, because /r/ is empty in phonological content.
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The behavior of /r/ in the phonetics, phonology and morpho-phonology of Japanese is thus characteristic of what any theory of phonology would recognize as an unmarked, default segment.
/r/ as a default epenthetic consonant
Our interpretation of /r/'s idiosyncratic behavior is that diachronically, /r/ emerged 12 As pointed out by a reviewer, this seems to be inconsistent with the fact that two occurrences of /r/ are forbidden in Yamato words, especially in verb stems, as discussed in section 2.3. This is true. However, the situation of mimetics and verbs is not quite identical. One should keep in mind that the impossibility to have two /r/'s in mimetics and in verb stems does not proceed from the same cause (or constraint): in mimetics, it is not licit for any consonant to occur more than once within a root, whereas in verbs, it is not licit for /r/ only to occur more than once. Another difference between mimetics such as rori-rori and verb stems such as the ill-formed verb *iraru is that the two /r/'s occur within the same root in rori-rori (the root is rori) but not in *iraru. A morphological boundary exists between ira-and the -ru ending. This being said, this issue undoubtedly requires further investigation, which I leave to future research.
as the result from the filling of an intervocalic empty position with unmarked features at the level of a non-compound word (a stem and its affixes). In other words, /r/ can be viewed as the phonologization of an empty onset created in the course of derivation or inflection.
The most direct evidence for this claim has been presented in 2.6. and 2.7. above, where we saw that /r/ appears as the default epenthetic consonant in a number of derivational patterns. Remember that in Yamato Japanese, /r/ always occurs in the V_V context (2.2). In a procedural, serialist model of phonology, one would consider that the features characterizing /r/ have been acquired, first, through propagation of neighboring features by means of assimilation. /r/ acquires its voicedness, its non-nasality, and its sonorancy because it is surrounded by two voiced, non-nasal, sonorant segments (i. e. vowels). When neighboring segments cannot provide /r/ with adequate melodic specification, more specifically, when they cannot provide /r/ with a place of articulation (which is actually always the case, since /r/ only occurs in an intervocalic context, and vowel and consonant places of articulation are, we assume, substantially different), the featural content of /r/ results from general or universal unmarkedness requirements. So /r/ is a coronal, because coronal is the unmarked place of articulation for consonants.
/r/ as a consonant of (relatively) recent development
As mentioned in 2.2.3 above, Kuginuki (1982) , in an attempt to account for the fact that /r/ is more likely to occur towards the end of words, has proposed the idea that /r/ developed relatively late in the history of Japanese. According to Kuginuki, /r/ did not exist in the primitive language. His hypothesis is that /r/ was originally added to the phonemic inventory in order to increase the distinctive power of words, which were mostly one or two-mora long in Pre-Archaic Japanese. Japanese being a suffixing language, these newly added r-moras were likely to occur at the end of words. This would explain why /r/ does not occur word-initially, that it is most frequent as the final mora of stems, and that it normally occurs only once in a word.
We will follow Kuginuki's basic insight that /r/ appeared relatively late in the history of the Japanese language. But our analysis goes one step beyond Kuginuki's, because we assume that there exists a connection between /r/'s late development, the fact that it stands in complementary distribution with /'/ in OJ, and its unmarkedness.
Its late development explains why, in contradiction with what would be assumed to be characteristic of a marked segment, rather than that of an unmarked and transparent one, /r/ tends to occur only once in OJ non-compound words, and is subject to positional restrictions. 13 This presumably follows from the conjunction of three independent facts: first, /r/ appeared late in the inventory; second, Japanese is a suffixing language; third, Japanese words rarely contain more than one or two suffixes.
A constraint-based analysis
In its general outlines, the analysis presented so far has been somewhat intuitive and pre-theoretical. We will now consider how the basic scenario that /r/ was originally, at the Proto-Japanese stage, a segment empty in feature content, resulting from the default filling of an empty onset slot in the intervocalic position, can be captured within the framework of Optimality Theory (Prince & Smolensky, 1993 /2004 . word identical to the input form, a principle which is grounded in the cognitive process of word-recognition and aims at facilitating it. As can be seen through the comparison between tableaux (6) and (7), there is no ranking argument for ONSET and MAXIO, SO we shall leave these two constraints unranked with respect to each other, in between ALIGN and DEPIO. DEPIO has to be the lowest-ranked constraint if we want to account for the fact that vowel-initial roots are never realized as consonant-initial. Tableaux (6) and (7) show that candidate (d), i.e. VCV, is the optimal output.
The next subset of constraints will have to account for the feature content of the Finally, the last subset of segmental markedness constraints, the universal harmony scale constraints, will select the form with /r/ as the best output candidate. The universal harmony scale, originally proposed by Prince & Smolensky (1993 : 180 sq/2004 , results from the relative ranking of a set of three featural markedness constraints, as shown in (10).
(10) HARMONY SCALE:
*PL/DORSAL, *PL/LABIAL >> *PL/CORONAL These constraints state that segments with a dorsal or labial place of articulation (PL/DORSAL, PL/LABIAL) are more marked than coronals (PL/CORONAL). *PL/CORONAL being ranked lower in the harmony scale hierarchy than *PL/DORSAL and *PL/LABIAL, the segments /w/ and /y/ which are not coronal will be penalized. 16 The candidate containing the coronal epenthetic consonant /r/ will emerge as the optimal output, as shown in (11). Candidates (d) and (h) /VwV/ and /VyV/ thus lose over /VrV/.
16 /y/ is categorized as a dorsal segment. Dorsal segments involve a constriction formed by the body of the tongue, thus including dorso-palatal segments such as /y/, while coronal corresponds to alveolar and apical segments. I assume that Japanese /y/ (IPA ) is a palatal and not a coronal, because it is neither apical nor laminal, contrary to coronals such as /t, d, s, z, r/. Following Clements & Hume (1995:286) , I consider that palatality is characterized in terms of a [-back] dorsal feature. Consequently, /y/ has to be characterized as a dorsal, [-back] consonant. It is interesting to observe that candidate (11c) /aya/, with intervocalic /y/, appears to be the second best candidate after /ara/. Empirical evidence confirms this relative harmony of /y/, as sporadic alternation between /r/ and /y/ is attested in OJ. It seems to occur especially at the beginning of certain suffixes, for instance in -ra-ru / -ra-yu (OJ) 'passive auxiliary', -raka / -yaka 'adjectival suffix' (name-raka "smooth", vs. nigi-yaka "cheery"). The existence of such an alternation, which seems to be frequent in the environment of a high vowel, probably results from the assimilation of some feature of the adjacent high vowel onto the intervocalic slot. Notice that none of the constraints invoked here are language specific. They are all very general constraints, based on widely recognized, theory-independent phonological principles.
Tableau (13) below illustrates how /r/ is indeed the most harmonic output for zero,
given the constraints and the hierarchy proposed above. In order to keep the tableau to reasonable size, we will adopt the following conventions. Violations to FEATURAL AGREEMENT will be marked by indicating which feature(s) cause(s) a violation in the FEATURAL AGREEMENT column. The presence of a feature in the column is thus
Conclusion and further issues
This study has been an attempt to provide a principled account of the many particularities of /r/ in Japanese from a panchronic perspective. The purpose is to understand how /r/ emerged and developed in Proto-Japanese, and how the conditions of its emergence can shed light on its present phonological behavior.
First, a description of the phonetic, phonological and morpho-phonological characteristics of /r/ in Japanese has been presented, through examination of a large array of empirical evidence. The picture that emerges is that of an unmarked, phonologically empty segment. Second, we have proposed a formal account for the emergence of /r/ in Proto-Japanese within the framework of Optimality Theory. The basic idea is that /r/ was originally a segment empty in feature content at the input level.
We have argued that the phonological content of /r/ is acquired due to the application of well-formedness constraints such as ONSET and ALIGN, as well as two sets of markedness constraints, FEATURAL AGREEMENT and HARMONY SCALE, which ensure that the empty input is mapped to the least marked output in terms of phonological features. /r/ should therefore be interpreted as the intervocalic default realization of zero at the stage of Proto-Japanese, before becoming a fully contrastive phoneme later on by virtue of a process of phonologization.
This study also has important typological implications, and a number of issues deserve further study and analysis. Strikingly enough, some of the particularities which have been encountered with Japanese /r/ can be found in a number of other languages of concerned with the synchronic analysis of Japanese phonology with respect to /r/ being a late acquired segment. They do not address the diachronic issue in their paper. The r-deletion approach would fail to explain why /r/ is overwhelmingly frequent in the Japanese language, especially at the beginning of bound morphemes, whereas our analysis is able to relate /r/'s frequency with that of /'/. The deletion approach is also incapable of accounting for the fact that liquids are allowed at the beginning of foreign loans, including the first Chinese borrowings between the 4 th and 6 th centuries. Finally, if one considers that /r/ is simply deleted word initially, one can no longer account in a unified manner for its phonological inertness, and for all the other properties presented in section 2. the world. I was able to collect a list of more than 120 languages which, like Old Japanese, ban the occurrence of a liquid, typically a r-sound, in the initial position of native independent words (Labrune, in preparation). It is particularly intriguing to note that several proto-languages including Proto-Altaic, Proto-Indo-European, ProtoAustronesian, Proto-Dravidian and Proto-Australian, as well as languages isolates such as Basque or Burushaski, lack /r/ in word-initial position. This might suggest that /r/ could have developed relatively late in some languages inventories, following a scenario closely resembling the one posited for Japanese; but this is only a tentative hypothesis that deserves further attention in future research. But whatever its causes, word-initial prohibition should definitely be added to the set of properties characterizing the rhotics from a general linguistic point of view, because it figures among the most recurring properties of these consonants cross-linguistically.
In parallel to distributional asymmetries, another characteristic which we observed in Japanese, namely /r/'s outstanding frequency, is also well attested cross-linguistically.
In a rather significant number of languages, the rhotic is the most frequent (French, also an optimal default epenthetic consonant because of its phonological nature.
Uffmann reports a number of cases of zero-liquid alternations which, he claims, could be viewed as liquid insertion. He argues that /r/ can be a natural hiatus breaker in languages, and proposes a detailed account of English intrusive /r/ along this line of analysis.
Much investigation thus remains to be done regarding the peculiar nature of liquids and particularly rhotics from a typological point of view. It is important to document the issues mentioned above more thoroughly in the future and to consider the reasons why such similar patterns of rhotic distribution, frequency, and relationship with zero frequently occur across languages. 20 An open question is whether an analysis similar to the one developed in this paper in order to account for the distributional asymmetries of /r/ in Japanese might be extended to other languages.
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